PROTEINS AND AMINO ACIDS                  in
early suggested that they may be mutually interchangeable in metabo-
lism. This idea was given considerable credence owing to the obser-
vation of Embden and Baldes ('13) that the perfusion of the surviving
liver with blood containing phenylalanine leads to the production
of small amounts of tyrosine. But according to Shambaugh, Lewis
and Tourtellotte ('31), the two amino acids when administered in
moderate doses, do not yield identical intermediates.
Apparently this question concerning these compounds has been
finally answered. Womack and Rose (I.e.), by means of a mixture
of amino acids free from phenylalanine and tyrosine, adduced con-
vincing evidence that phenylalanine is a growth requisite which can-
not be successfully replaced with tyrosine. Tyrosine deficiency alone
permitted good growth and its addition to the diet provided no indi-
cation that this amino acid is needed. Therefore phenylalanine is
indispensable and tyrosine is dispensable.
Praline and hydroxyproline. In view of St. Julian and Rose's ('32)
convincing studies which demonstrate the dispensability of both pro-
line and hydroxyproline the older questionable evidence for the in-
dispensability of proline (Sure, '24) is no longer tenable.
Threonine. It is generally recognized that the most laudable in-
vestigation in the modern era of protein nutrition is that of Rose
and associates concerning the discovery of evidence for, and the
eventual isolation and identification of, a hitherto unrecognized and
indispensable ami no acid, namely, a-amino-j3-hydroxy-n-butyric acid.
The common name assigned to it by Rose is d-threonine, inasmuch
as its spatial configuration is exactly analogous to that of the sugar
d-threose. Space does not permit the extensive account of this work
that its importance deserves. Some of the original papers are: Rose
('32), McCoy, Meyer and Rose ('35), and Meyer and Rose ('36). It
seems probable that the discovery of threonine was only through
Rose's fortitude in the preparation and use of a diet in which the
proteins were replaced entirely by mixtures of highly purified amino
acids. This is indicated because the chemical properties of threonine
are so similar to those of the mono-amino monocarboxy acids, par-
ticularly the leucines, that it probably would have escaped detection
by the ordinary procedures for investigation of arnino acids in nu-
trition.
Attention should be called to the fact that the work on this amino
acid apparently makes it possible for the first time to rear animals on
diets containing mixtures of highly purified arnino acids instead" of
proteins.
Apparently the only evidence regarding the nutritional role of
threonine is the fact that its absence from the diet causes a marked
failure of growth.